A great deal of attention has been focused on the potential health benefits of using rice bran oil because it is a rich source of bioactive compounds. Rice bran oil deodorizer distillate (RBODD) is a byproduct obtained from distillation of rice bran oil. Elevated plasma cholesterol level is one of the major risk factors for coronary heart disease. The objective of this study was to investigate the effects of tocols (tocopherols + tocotrienols) rich fraction isolated from RBODD on plasma and liver lipid concentrations in rats. Male Sprague Dawley rats (6 weeks of age) were randomly assigned into three groups: normal fat control (NFC), high fat control (HFC) and high fat diet plus tocols rich fraction (RBODD). RBODD was administered daily for 3 weeks by oral gavage using 5% of Tween-80 as a vehicle. The rats in the control groups received 5% of Tween-80 alone in the same manner. Blood samples and livers were collected at the end of the feeding period. RBODD group had significantly lower plasma triglyceride levels compared to the HFC group (p < 0.05). However, no significant changes for plasma total and lipoprotein cholesterol levels were found in RBODD compared with HFC. Compared to the rat fed HFC, hepatic free fatty acids were significantly reduced in the rats with the RBODD treatment (p < 0.05). The results suggest that the tocols rich fraction isolated from RBODD is associated with decreased plasma triglyceride and hepatic free fatty acids concentrations. Further study is needed to investigate the mechanism and optimal dose by which isomers of tocols lower triglyceride concentrations.
Introduction
Atherosclerotic cardiovascular diseases (CVDs), principally coronary heart disease and stroke, are a major cause of death in Western countries. Elevated blood cholesterol, total and low-density lipoprotein (LDL) cholesterol, or decreased high-density lipoprotein (HDL) cholesterol concentrations, are associated with the development of atherosclerotic cardiovascular diseases. Epidemiological studies have shown a direct link between CVDs and dietary component intake [1] . Diets high in vitamin E showed lower risks of cardiovascular diseases by downregulating cholesterol synthesis in the liver and reducing lipid peroxidation and platelet aggregation [2] [3] . In addition, vitamin E exerted the antioxidant activities against oxidative stress [4] . The recommended daily intake of vitamin E for adult is 15 mg/day. Tocopherols (T) and tocotrienols (T3) are members of vitamin E family that occur in chromanol ring structure in plants and differ in the saturation of their side chains [5] . There are four isomers of each tocopherol and tocotrienol (alpha, beta, gamma and delta), named according to the position of the methyl group on the chromanol ring [6] . Tocopherols are present mainly in wheat, corn and soybeans, whereas tocotrienols are relatively abundant in palm oil, rice bran oil, oats, barley and anatto [7] .
Rice bran oil (RBO) is the oil extracted from the germ and inner husk of rice and contains unsaturated linoleic and oleic fatty acids and bioactive compounds such as phytosterols, oryzanol, tocopherols andtocotrienols [8] . Due to its potential health-promoting properties, rice bran oil has received great interest in research. The hypocholesterolemic and anti-atherogenic effects of rice bran oil have shown in both animals [9] - [12] and humans [13] [14] . Studies have suggested that oryzanol is responsible for the beneficial effects of rice bran oil on plasma lipid concentrations [15] [16] . However, the refining steps (neutralization, bleaching, and deodorization) decrease the amounts of these bioactive compounds depending on the degree of processing and the origin of the rice bran. Several food technologies have been developed for successful extraction of these byproducts in order to utilize the beneficial nutritive values [17] . Improved distillation methods have been invented to extract RBO with stable lipase activity [18] . Rice bran oil deodorizer distillate (RBODD) is a valuable byproduct in the refinement of rice bran oil and has concentrated amounts of tocopherols, tocotrienols and other compounds. It is important to evaluate the biological properties of the tocols fraction in RBODD in order to develop a useful health product. The objectives of this study were to concentrate the tocols (tocopherols + tocotrientols) from rice bran oil deodorizer distillate (RBODD) and to evaluate the effect of tocol concentrate on plasma and liver lipid profiles in rats.
Materials and Methods

Chemicals and Diets
α-, β-, γ-and δ-tocotrienols and α-, β-, γ-and δ-tocopherols (94-95% purity) purchased from Yasoo Health, Inc. (Johnson City, TN). All chemicals (analytical grade and HPLC grade) used to prepare buffers and mobile phases were purchased from VWR international Inc. (Suwanee, GA). Rice bran oil deodorizer distillate (RBODD) was generously provided by Riceland Foods (Jonesboro, AR). All dietary ingredients were purchased from Harlan Laboratories Inc. (Indianapolis, IN).
Extraction of RBODD
Rice bran oil deodorizer distillate (RBODD) was extracted to concentrate the tocols (tocopherols + tocotrienols). Tocols were concentrated using the method of Ko et al. [18] with some modifications. Stock samples of 5 g RBODD were mixed with 50 ml acetonitrile in a 250-ml flat-bottom flask. The flask was fitted with a reflux condenser and the mixture was brought to boiling then refluxed on a hot plate for 30 min to destroy volatiles and aggregative residues. The mixture was cooled to ambient temperature and stored for 24 hours at −20˚C in order to precipitate the cold insoluble sterols from the soluble tocols. The liquid fraction was separated from the insoluble residue by centrifuge at 10,000 rpm for 10 min. The acetonitrile was evaporated from the liquid fraction using a Speed Vac concentrator (Thermo Savant, Holbrook, NY). The remaining substance was mixed with 4 ml of 5% (w/v) pyrogallol in ethanol and 30 ml of ethanol in a 120-ml flat-bottom flask along with a stir bar. The flask was fitted with a reflux condenser and the mixture heated to boiling. Once boiling, the condenser was removed and 1 ml of 50% (w/v) aqueous potassium hydroxide solution was added to the mixture. The tocols were saponified at 70˚C for 30 min with constant stirring. The flask was placed in an ice bath to stop the reaction. The mixture was transferred to a 500-ml separatory funnel, and 30 ml diethyl ether and 20 ml distilled water were added. The diethyl ether extraction was repeated two times and the ether fractions were pooled. The pooled diethyl ether was washed three times with 20 ml distilled water, and then filtered through anhydrous sodium sulfate for 30 min to remove any excess water. The diethyl ether was evaporated using the Speed Vac concentrator. Extracts were resolubilized with hexane to a volume to 5 ml and filtered through a 0.45 μm Millipore membrane before injection into the HPLC (High-performance liquid chromatography).
Tocol Identification and Quantification
Tocols were identified and quantified using a Waters Alliance 2690 separations module, a Waters 474 fluorescence detector, and Empower Pro 2 Software (Waters Corp., Milford, MA). Separation was performed using a Phenomenex Luna, 250 × 4.6 mm column and an isocratic mobile phase of hexane/ethyl acetate/acetic acid 97.3:1.8:0.9 (v/v/v) at 1ml/min. Peaks were detected at an excitation wavelength of 294 nm and an emission wavelength of 326 nm. Unknowns were compared to known standards of α-, β-, γ-and δ-tocotrienols and α-, β-, γ-and δ-tocopherols.
Animals and Experimental Design
All experimental protocols were reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of the University of Arkansas. Thirty-three (n = 33) Sprague Dawley male rats were purchased from Harlan Laboratories Inc. (Indianapolis, IN), at 6-week of age. They were group housed (two per cage) in a temperature-controlled room (23°C) maintained on a 12-h light: dark cycle. The rats were allowed to acclimate to their new environment for one week and initial body weights were recorded prior to acclimatization period. After acclimatization, the rats were switched to AIN93G diet with appropriate fat content for the study group. The rats, with the same average body weight in each group, were randomly divided into 3 groups: normal fat control (NFC, n = 9), high fat control (HFC, n = 12) and HFC plus tocols rich fraction isolated from RBODD (RBODD, n = 12). NFC group was fed a diet containing 10% of energy from fat, whereas both HFC and RBODD received diet with 38% of energy from fat. The rats were weighed weekly for the 3-week study period. The feed was replenished every three days. Any spill or waste of feed was recorded with the data. After the week of acclimatization, the rats in RBODD group were treated with 45 mg of tocols rich fraction isolated from rice bran oil deodorizer distillate in 0.5 mL of 5% Tween-80 solution; administered via gavage per animal per day (around 8am). The animals in group NFC and HFC received 0.5 mL of 5% Tween-80 solution in the same manner as the RBODD group. In order to randomize administration and minimize discrepancy during gavage, all cages were rotated in sequence for each day of treatment. At the end of the 3-week treatment period, the rats were fasted for 12 hours and weighed before euthanization in CO 2 chamber. Maximum amount of blood was drawn via cardiac puncture using a syringe coated with anti-coagulant EDTA (ethylenediaminetetraacetic acid). Plasma was collected via centrifugation at 1000 g for 10 minutes at 4°C. Major organs such as the liver, cecum, and cecum content were extracted to be stored in liquid nitrogen for further analysis.
Plasma and Liver Lipid Analysis
Total cholesterol, triglyceride and HDL-cholesterol levels in plasma were quantified using fluorometric and colorimetric assays. Cayman kits were used for total cholesterol and triglyceride assays; and Sigma Aldrich was used for HDL-cholesterol quantification in plasma. Total liver cholesterol (Sigma Aldrich), triglycerides (Biovsion) and free fatty acids (Sigma Aldrich) were measured by homogenizing all lobes of liver using protocols provided in the kits.
Statistical Analysis
Statistical software SAS (version 9.4) was used for all statistical analyses. The results were analyzed by using one-way analysis of variance (ANOVA). Data of initial body weight, weight gain, and food consumption were presented as mean ± standard deviation (SD). Other values were expressed as mean ± standard error mean (SEM) and statistical significance was set at p < 0.05. Table 1 showed the tocol composition (tocopherols + tocotrienols) of the RBODD after the extraction process T. A. Gomes et al. 4 and the HPLC chromatography results were shown in Figure 1 . The tocol concentrations increased from 4% tocols in the RBODD (starting material) to 34% tocols after the extraction process. The major tocols were δ-tocopherol and γ-tocotrienol.
Results
There were no significant differences between dietary treatments for initial body weight, weight gain, and food consumption ( Table 2 ). The average liver weight for NFC, HFC, and RBODD groups was 10.2 ± 0.3 g, 11.1 ± 0.5 g and 11.1 ± 0.3 g, respectively. No significant differences of liver weight among groups were found. Table 3 showed plasma and hepatic lipid profiles in rats after the three experimental treatments. Plasma total cholesterol and HDL cholesterol were not significantly different in the rats fed the RBODD treatment compared to the HFC-fed rats ( Table 3) . Plasma triglyceride concentration was significantly lower in the RBODD group compared to the NFC and HFC groups (p < 0.05).
Compared to the HFC-fed rats, hepatic total cholesterol and triglyceride concentrations were not significantly different in the rats fed the RBODD (Table 3) . However, RBODD treatment had a slightly higher level of he patic cholesterol as compared to the HFC group. Hepatic free fatty acids were significantly lower in the NFC Values are expressed as mean ± SD. NFC: normal fat control group; HFC: high fat control group; RBODD: high fat diet ± rice bran oil deodorizer distillate treatment. Values are expressed as mean ± SEM. Superscripts not sharing a common letter within the same row are significantly different among groups at p < 0.05. NFC: normal fat control group; HFC: high fat control group; RBODD: high fat diet ± rice bran oil deodorizer distillate treatment.
and RBODD groups compared to the HFC group (p < 0.05).
Discussion
Elevated levels of plasma triglycerides are considered an indication for increased risk of cardiovascular diseases. Some triglyceride-rich lipoproteins (TRLs) can promote atherogenesis independently from LDL. Remnant species produced by partial hydrolysis of TRLs may attach cholesterol esters from HDL [19] . These remnant species can easily accumulate endothelial and be form foam cells with macrophage and contribute to the formation of atherosclerotic plaque [20] .
In this present study, we found a reduction of plasma triglycerides as an effect of RBODD treatment (8.5 mg tocopherols and 6.7 mg tocotrienols per day) when compared to each control group. In addition, the RBODD treatment lowered hepatic free fatty acid (FFA) concentrations and high fat control (HFC) showed an increase of FFA levels in relative to normal control (NFC) and RBODD. Our results agree with the findings that diabetic rats fed the rice bran oil diet (60 -90 mg γ-tocotrienol and 35.2 -52.8 g γ-oryzanol per 100 g diet) had lower plasma triglyceride and LDL cholesterol levels than rats fed the control diet after 4 weeks of treatment [21] . In the present study,the high fat control group did not show a comparable higher triglyceride levels in comparison to normal control group. A potential explanation to this result may be contributed to the feeding uptake/behavior of each rat and the time of each treatment. Rodent being nocturnal animals may show different metabolic patterns when treated in the morning versus evening. The stress of disrupting their sleep cycle during day may also interfere with their metabolic rate.
Although the majority of the literature showed that the plasma lowering associated with rice bran oil occurs mainly in the total and LDL cholesterol, our results showed the lack of effect of RBODD on plasma total cholesterol. The rats fed the RBODD and HFC were not significantly different from each other with regard to plasma and hepatic total cholesterol levels. This finding is in agreement with previous studies that there are no positive reduction of plasma and hepatic cholesterol concentrations [21] - [24] . Chou et al. [25] observed that the rice bran oil group (0.9 g γ-tocotrienol and 5.25 g γ-oryzanol/kg diet) did not lower plasma total cholesterol, triglyceride, and LDL cholesterol and hepatic triglyceride levels compared with the control group.
Tocotrienols are relatively abundant in rice bran oil, palm oil, oatsand barley. Numerous studies reported that the effects of tocotrienols and tocotrienol-rich fractions on lipid metabolism in animals [26] - [29] and humans [30] - [33] . The mechanism of the hypocholesterolemic effect of tocotrienols was revealed as the suppression of 3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase activity and inhibition of expression of HMGCoA reductase mRNA [21] [34] . However, tocopherols and tocotrienols have been reported to influence the cholesterol metabolism in different manners. Qureshi et al. [35] reported that α-tocopherol reduced the inhibitory effects of γ-tocotrienol on HMG-CoA activity. α-tocopherol induced HMG-CoA reductase activity, while tocotrienol decreased HMG-CoA reductase activity [34] [36] . Except α-tocopherol, it is still not clear the interaction between different isomers of tocopherols and tocotrienols. Therefore, further studies can be in the direction of investigating the potential mechanisms of each purified tocopherols and tocotrienols or combination of tocols to lower plasma lipid concentrations, and examining the effects of different dose of each tocols in reducing plasma lipid levels.
Conclusion
The current study suggests that the tocols (tocopherols + tocotrienols) rich fraction from RBODD has an effect on lowering plasma triglyceride and hepatic free fatty acid levels in Sprague Dawley rats. In order to validate the hypotriglyceridemic effects of the tocols rich fraction in RBODD, further study is needed to define the mechanism and which isomers of tocols are responsible for its triglyceride-lowering effects.
